INTRODUCTION {#s1}
============

Pancreatic ductal adenocarcinoma (PDAC) is the 12th most frequent cancer in the world and it is the 4th cause of cancer-related death in Western Countries, with a mortality rate almost equal to its incidence \[[@R1]\] and a 5 year survival rate of 5--7% \[[@R2]\]. The vast majority of patients is diagnosed with metastatic or inoperable disease due to the vagueness of symptoms in the initial stages.

Radiotherapy and surgery can be considered in early stage or locally advanced disease \[[@R3], [@R4]\], while chemotherapy is the current standard of care in metastatic setting \[[@R5], [@R6]\].

FOLFIRINOX or gemcitabine plus nab-paclitaxel are used in first-line for metastatic PDAC (mPDAC) \[[@R5]\]. In clinical practice there are not clear predictive and prognostic factors that aid in choosing the best regimen for every patient balancing wisely between the benefit and the drug related toxicities. Generally, fit patients are treated with FOLFIRINOX, whereas older and unfit patients receive gemcitabine plus nab-paclitaxel or mono-chemotherapy.

In this review, we provide an overview of available evidences on prognostic and predictive clinical and biological markers in mPDAC that could help clinicians in treatment decision.

Over the last decades, a number of prognostic and predictive factors has been evaluated in mPDAC.

Among these, we will analyze the evidences on histopathological characteristics, clinical and biohumoral markers (see [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}), with a particular focus on CA19-9, markers of systemic inflammation and immune-modulation, and novel molecular surrogates of survival ([Figure 1](#F1){ref-type="fig"}).

###### Promising prognostic and predictive biomarkers

  Authors                           Markers investigated                                Role                                                                                                                                            Prognostic role
  --------------------------------- --------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------
  Lu *et al*. \[[@R40]\]            Glypican-1 (GPC1)-expressing circulating exosomes   Involvement in angiogenesis and tumor growth                                                                                                    GPC1 overexpression associated with poorer OS
  Giovannetti *et al*. \[[@R46]\]   Circulating miRNA 21                                Modulation of apoptosis, Akt phosphorylation, and expression of genes involved in invasive behavior                                             High miR-21 expression predicted shorter OS both in the metastatic and in the adjuvant setting
  Korpal *et al*. \[[@R50]\]        miRNA 200 family                                    Loss of expression of miRNA-200 family members may play a critical role in enhancing migration and invasion during cancer progression           Not investigated in clinical studies
  Liu *et al*. \[[@R56]\]           lncRNA MALAT1                                       Identified in multiple types of physiological and pathological processes, i. e. organizing nuclearconstruction and modulating gene expression   Higher expression of lncRNA MALAT1 was associated with poorer OS in patients affected by PDAC
  Ye *et al*. \[[@R57]\]            lncRNA AFAP1-AS1                                    Knockdown of AFAP1-AS1 could inhibit cell proliferation, migration, and invasion of PDAC cells                                                  LncRNA AFAP1-AS1 overexpression was associated with lymph node metastasis, perineural invasion, and poor survival
  Creemers *et al*. \[[@R70]\]      CtDNA                                               N/A                                                                                                                                             ctDNA is associated with poor prognosis in patients with pancreatic cancer

The table summarizes the most relevant studies that investigated the prognostic or predictive significance of novel biomarkers.

###### Correlation between inflammatory markers and prognosis

  Authors                      Markers investigated          Study design and setting                                                    Results
  ---------------------------- ----------------------------- --------------------------------------------------------------------------- --------------------------------------------------------------------------
  Martin *et al*. \[[@R90]\]   NLR; PLR; mGPS                Retrospective analysis of 124 patients with PDAC (84 mPDAC)                 NLR; PLR and mGPS resulted independent prognostic markers
  Stotz *et al*. \[[@R96]\]    NLR; mGPS, PLR                Retrospective evaluation of 271 inoperable patients with PDAC               NLR\>5 and mGPS of 1-2 predicted poorer OS
  Liu *et al*. \[[@R97]\]      CRP/Albumin ratio             Retrospective analysis of 386 patients with PDAC (174 mPDAC)                CRP/Albumin ratio \>0.180 predicted poorer OS
  Yamada *et al*. \[[@R98]\]   Neutropenia                   Retrospective analysis of patients treated with mFOLFIRINOX for mPDAC       Patients with neutropenia after chemotherapy experienced better survival
  Yu *et al*. \[[@R100]\]      LDH; LMR; NLR; PLR; Ca 19-9   Patients with inoperable PDAC treated with Gemcitabine based chemotherapy   Ca 19-9 ≥1000 IU/mL; LDH ≥185; NLR≥3.42; LMR≥3.19 predicted poorer OS
  Hwang *et al*. \[[@R103]\]   mGPS; NLR; PLR                Patients treated with Gemcitabine and Nab-Paclitaxel for mPDAC              mGPS≥1 predicted poorer OS; NLR and PLR did not predict poorer OS

NLR: neutrophil to lymphocyte ratio; mGPS: modified Glasgow Prognostic Score; PLR: Platelet to lymphocyte ratio; LMR: *lymphocyte* to *monocyte* ratio.

![Summary of prognostic factors of metastatic pancreatic ductal adenocarcinoma: The figure shows on the left side the predictive markers discussed in the article and on the right the prognostic ones.](oncotarget-11-924-g001){#F1}

HISTOPATHOLOGICAL CHARACTERISTICS {#s2}
=================================

Histological analysis of primary tumor or metastatic sites is the only approved diagnostic tool for pancreatic cancer. Aside from histological diagnosis, tissue analysis has been largely used to identify prognostic features that could influence treatment decision.

In patients undergoing surgery, the histological analysis defines the pathological stage according to the 8^th^ edition of the TNM system \[[@R7]\]. The TNM staging system relies on its reproducibility using anatomic parameters to stratify patients with different survival outcomes \[[@R8]\]. Differently from the 7th edition, the current TNM system does not consider the extension outside the pancreas as T3, because staging in the T stage has been replaced by a size-based system \[[@R8]\]. The N (nodes) parameter has been divided in N1 and N2 depending on the number of positive regional lymph nodes. The number of lymph nodes involved remains the strongest predictor of survival in operable patients \[[@R9]\].

Based on morphological features, different PDAC subtypes have been identified.

Variants with a similar molecular pathogenesis include, among others, adenosquamous carcinoma, anaplastic (undifferentiated) carcinoma and undifferentiated carcinoma with osteoclastic giant cells. Adenosquamous and anaplastic carcinomas carry worse prognosis than classical PDAC \[[@R10]\]. On the other hand, colloid, medullary carcinoma and hepatoid adenocarcinoma are variants with a distinct molecular pathogenesis. Considering their low incidence, the prognostic significance of these pathological characteristic is yet to be defined.

Other prognostic factors identified through pathological analysis of surgical samples are vascular and perineural invasion \[[@R11]\], presence of desmoplastic reaction \[[@R12]\], tumor budding and epithelial to mesenchymal transition (EMT) \[[@R13], [@R14]\].

PDAC produces a strong fibrotic reaction around the primary tumor \[[@R12]\], known as desmoplasia, typical of many malignancies. The fibrotic tissue plays an important role in tumorigenesis, angiogenesis, and resistance to therapy \[[@R12]\]. Cancer-associated fibroblasts (CAFs) are the main effector cells in the desmoplastic reaction, and pancreatic stellate cells (PSCs) are the most important source of CAFs \[[@R15]\]. CAFs have been reported to promote PDAC cell growth, to stimulate stroma production by PSCs and their presence in peritumoral stroma has been associated with worse prognosis \[[@R16]\]. Furthermore, activated CAFs have been implicated in chemo-radiation resistance, for those reasons, therapeutic strategies to target stromal cells are under investigation \[[@R15]\]. CAFs can determine chemotherapy resistance through several molecular mechanisms including upregulation of genes involved in extracellular matrix synthesis (SPARC) and in the transduction of chemokines signal (CXCL12/CXCR4), resulting in the induction of epithelial--mesenchymal transition (EMT) \[[@R17]\].

Tumor budding is defined as the presence of detached isolated single cells or small cell clusters (up to five cells) scattered in the stroma at the invasive tumor margin \[[@R18]\]. The presence of tumor budding in surgical samples has been clearly described to be related to advanced pT classification, lymphatic invasion, decreased disease-free and overall survival (DFS; OS) \[[@R13]\]. A correlation between the grade of tumor budding and the immune system invasion has been reported, with high grade of tumor budding being associated with FOXP3+ regulatory T cells invasion and worse prognosis \[[@R19]\].

Interestingly, an interplay between the presence of tumor budding and the development of EMT is emerging. Experimental data suggest an important role of EMT in invasion and metastasis of PDAC and in the development of resistance to standard treatment \[[@R14]\]. Recent evidences suggest that tumor budding could represent one of the morphological hallmarks of EMT \[[@R20], [@R21]\]. This hypothesis has been recently confirmed by a meta-analysis \[[@R22]\] that investigated the prognostic role of tumor budding and its relationship with the presence of EMT. Authors concluded that high tumor budding is a risk factor for all-cause mortality and they also confirmed that tumor budding is a morphological aspect intimately associated with EMT \[[@R22]\].

Based on transcriptional profile, Collisson *et al*. \[[@R23]\] identified 3 subtypes of PDAC: classical, quasi-mesenchymal and exocrine like. The classical subtype had high expression of adhesion-associated and epithelial genes, the quasi-mesenchymal subtype showed high expression of mesenchyme associated genes and the exocrine-like subtype showed high expression of digestive enzyme genes. Patients with classical subtype showed a better prognosis; each subtype was demonstrated to be an independent prognostic factor for OS. In the pre-clinical setting the quasi-mesenchymal subtype showed better response to gemcitabine \[[@R23]\], however the predictive and prognostic role of this classification has not been tested adequately in the clinical setting and, thus, its application in daily practice is not widely spread.

Waddel *et al*. \[[@R24]\] in 2015 identified 4 subtypes of PDAC depending on chromosomal structural variations: stable, locally rearranged, scattered and unstable, with potential clinical implications. Genomic instability co-segregated with inactivation of DNA maintenance genes (BRCA1; 2) and has possible clinical implications, especially in predicting response to platinum based therapy. Moffitt *et al*. \[[@R25]\] identified two types of PDAC, named "basal-like", with the worst prognosis, and "classical" one; interestingly they studied also the stroma, defining 2 types of peri-tumoral stroma: "activated", which had a poor prognosis, and "normal". Stromal subtypes were not correlated with tumor subtypes.

MOLECULAR FACTORS {#s3}
=================

On the biological side, many efforts were put to identify protein and their level of expression to correlate to OS, PFS and other parameters in order to understand prognostic and predictive factors of this disease.

Besides classical histopathological characteristics, next generation sequencing (NGS) is allowing us to better recognize mPDAC complex mutational landscape \[[@R26]\] and its association to prognosis. KRAS activation occurs in 92% of PDAC; whereas TP53, SMAD4 and CDKN2A inactivation is reported in more than 50% of cases; almost 10% of PDAC harbors mutations in other genes involved in chromatin remodeling and DNA damage repair, like BRCA1 and 2; PALB2 and ATM \[[@R27]\].

The COMPASS trial was proposed in 2015 to identify predictive mutational features in PDAC trough real-time whole genome sequencing (WGS) and RNA sequencing (RNASeq). It is the first translational study to demonstrate that pancreatic cancer has different molecular and genomic subtypes with different response to chemotherapy. The study demonstrated that Moffitt "classical" tumors respond better to first-line chemotherapy compared to those with "basal-like" tumors. GATA6 expression clearly separated "classical" and "basal-like" PDAC subtypes. EGFR overexpression was associated with the basal subtype. The results from COMPASS trial are encouraging, however they should be interpreted with caution: the primary end-point of the study was the feasibility of the genome sequencing in patients with PDAC and not the definition of genomic subtypes; furthermore the sample was small and there were few patients for each molecular subtypes, weakening, thus, the power of the results \[[@R28]\].

In 2017 Connor *et al*. \[[@R29]\] proposed a classification based on genomic instability; they identified 4 groups of patients. The first one displayed deficiencies in the mismatch repair (MMR) system; another group of patients had deficiencies in homologous recombination to repair double strand-breaks. The last two were the "age-related" groups, in which signatures were attributed to mutational processes accumulated over cell divisions. This classification does not carry prognostic value.

The predictive value of these classifications has not been investigated in adequately powered studies.

Several limits apply that hamper the introduction of these analyses in the daily practice: they are costly, they require technological platforms which might not be available, and there is often paucity of available tissue. Furthermore, the molecular subtypes do not correlate with histological variants, contributing to make these classifications difficult to apply on a broad scale.

MICROSATELLITE INSTABILITY {#s4}
==========================

Microsatellite Instability (MSI) is another molecular feature that can be found in PDAC with an incidence between 1 and 2% \[[@R30], [@R31]\] and it is typically associated with a germline mutation in MMR (mismatch repair) genes and IHC (immunohistochemistry) loss of MMR expression \[[@R32]\]. The prevalence of dMMR/MSI in PDAC is likely very low, but data in this regard are inconsistent. Hu *et al*. found dMMR in PDAC is a rare event occurring at a frequency of 0.8% (7/833) and all 7 patients with dMMR PDAC were found to have Lynch syndrome \[[@R32]\].

Kim and colleagues conducted a prospective analysis of PD-L1 and MMR IHC on 430 patients (6/430 with PDAC) with advanced gastrointestinal and genitourinary cancers. The dMMR was most common in gastric and colorectal cancer (11.1%), and nearly 0% in PDAC \[[@R33]\]. However, some others have reported MSI/dMMR in PDAC to be as high as 22% \[[@R34]\]. Variabilities in histology, sample sizes, and more so due to non-standardized testing and evolving detection methods could explain this discordance.

The prognostic significance of MSI-H in PDAC is controversial. Some authors did not find prognostic differences between MSI-H and MSS patients \[[@R35]\], while others reported a prolonged survival in MSI-H patients \[[@R36]\]. These contrasting data might be due to the small number of MSI patients. Data about MSI as a predictive factor of response to chemotherapy are based only on a few retrospective studies with a small sample size \[[@R37]\]. Recently, FDA granted the approval of immune checkpoint inhibitors (ICHs) in patients with solid tumors with MSI who failed to respond to first line treatments, including patients with PDAC \[[@R38], [@R39]\]. This decision was supported by the data of a phase II clinical trial that demonstrated the efficacy of PD-1 blockade in 12 different types of cancer with MSI-H \[[@R39]\].

The widespread use of ICHs in PDAC has met several limitations: MSI-H that is the only approved predictive biomarker in this setting, is rare and it is not routinely tasted; the availability of pathological tissue is often an issue; which form of testing (IHC vs MSI-PCR vs NGS) and measure (MMR-D vs MSI-H vs mutational load) is used to determine the MSI is controversial; many patients with mPDAC are not fit to receive a second line treatment and ICHs use is not refunded in all countries by national regulatory agencies. Further studies are required to find new predictive biomarkers that define better which patients would benefit most from ICHs therapy; to reach this goal adequately powered clinical trial are highly needed. The increasing availability of NGS will help overcoming some of this limitation, giving simultaneously precious prognostic and predictive information.

GLYPICAN-1 (GPC1)-EXPRESSING CIRCULATING EXOSOMES {#s5}
=================================================

Recently, glypican-1 (GPC1)-expressing circulating exosomes were found to be a potential diagnostic tool for PDAC, however their reliability is not well established and their clinical utility is not defined \[[@R40]\]. GPC-1 is a member of heparin sulfate proteoglycans family, its overexpression has been reported to be involved in angiogenesis and tumor growth in pancreatic, cancer, glioma and breast cancer \[[@R41]\]; its prognostic role has been investigated in a study including 178 PDAC patients from the Cancer Genome Atlas (TCGA) and samples from 186 pancreatic cancer patients. Normal pancreatic tissue did not express GPC-1, whereas it was expressed in PDAC, mainly to promote hypomethylation. GPC-1 expression was significantly related with tumor dedifferentiation and diameter. Multivariate analyses indicated that GPC1 was a significant risk factor for poor OS with a 1.82-fold increase in the hazard ratio. Similarly, other authors \[[@R41]\] reported a prognostic role of GPC1 exosomes in 128 PDAC patients at different stages, but they did not describe any diagnostic role of this marker. In conclusion, there are some evidences that GPC-1 exosomes are useful as diagnostic and predictive markers, however their clinical availability is influenced by several limitations: small and non-homogeneous samples, highly specific anti-GPC1 antibodies are not readily available \[[@R42]\].

Circulating ribonucleic acids (RNAs), circulating tumor cell DNA (ctDNA) and circulating tumor cells (CTCs) have been extensively investigate.

MICRORNA AND LONG NON-CODING RNA {#s6}
================================

MicroRNAs (miRNAs) and long non-coding RNAs (lncRNAs) represent the two major categories of circulating RNAs with prognostic role in PDAC. MiRNAs are very short chains containing about 22 nucleotides normally involved in the transcriptional and translational machinery \[[@R43]\]. LncRNAs are nucleotidic chains exceeding 200 bases that are not translated into proteins. Besides regulating gene transcription at many levels, they are also specifically involved in the epigenetic regulation of DNA \[[@R44]\].

Evaluation of circulating miRNAs and lncRNAs trough liquid biopsies is appealing and has been extensively performed in a variety of cancers, where these molecules have often shown prognostic and predictive roles \[[@R45]\]. In PDAC, both overexpression and downregulation of specific miRNAs have been associated with poor prognosis. Among others, higher levels of circulating miR-21, miR-155 and miR-221 correlated with outcomes \[[@R46]--[@R49]\]. Interestingly, the miRNA 200s family has been shown to suppressor tumor progression via EMT inhibition \[[@R50]\]. More recently, a number of multigene prognostic signatures have been proposed, of 2 \[[@R51]\], 5 \[[@R52]\] or 11 microRNAs \[[@R53]\].

In PDAC, also different types of lncRNAs have been investigated, in both clinical and pre-clinical setting.

Many lncRNAs showed prognostic value, although the reproducibility of the results is controversial. The lncRNAs most consistently associated to shorter OS in PDAC patients are MALAT1 \[[@R54]--[@R56]\], AFAP-AS1 \[[@R57], [@R58], [@R44]\] and UCA1 \[[@R44]\]. Overall, the individual prognostic value of each lncRNAs is too weak for direct clinical development, therefore more recently panels including analysis of the expression levels of up to 12 lncRNAs are being investigated for their prognostic value \[[@R59], [@R60]\].

Importantly, reciprocal regulation mechanisms exist between mRNAs, miRNAs and lncRNAs \[[@R61]\]. A bioinformatics approach identified SCAMP1, HCP5, MAL2 and LINC00511 as key lncRNAs regulating competing endogenous RNA sub-network linked to prognosis in PDAC \[[@R61]\]. In a separate study, miR-200c-3p was predicted to be a direct target of MALAT1, and high expression of MALAT1 combined to low expression of miR-200c-3p correlated with shorter OS \[[@R62]\].

Finally, one of the major limitation of most of these studies is that discerning the prognostic from the predictive value has been hampered by the rather homogenous treatment strategies, often involving gemcitabine-based treatments. Among the few circulating RNAs specifically analyzed in patients undergoing FOLFIRINOX treatment, miR-181a-5p has been proposed as a specific prognostic biomarker \[[@R63]\].

CIRCURLATING TUMOR DNA AND CIRCULATING TUMOR CELLS {#s7}
==================================================

Circurlating Tumor DNA (ctDNA) is a subset of circulating extracellular DNA in plasma (also called cell-free DNA, cfDNA), specifically released from cancer cells.

ctDNA may originate from apoptotic and necrotic tumor cells, from living tumor cells, or even from CTCs; thus, it has a variable half-life from 15 minutes up to 2 h \[[@R64]\].

ctDNA, being non-invasively detectable in peripheral blood, has been proposed as potential tumor marker and prognostic factor in many types of cancer. Its clinical applications in PDAC are currently under investigation \[[@R65]\]; these include a role in screening, prognostication via the detection of minimal residual disease, early detection of recurrence, and for patients with advanced disease, tumour genotyping and monitoring treatment response \[[@R66]\].

The prognostic role of ctDNA has been mostly investigated in retrospective studies of patients undergoing surgery; in this subset of subjects, the presence of ctDNA, in particular KRAS mutant ctDNA, in plasma has been associated with worse OS and disease free survival (DFS) \[[@R67], [@R68]\]. Similarly the detection of ctDNA and the ctDNA variant allelic fraction in patients affected by mPDAC have been reported to be a prognostic factor \[[@R69]\], these findings have, recently, be confirmed by a meta-analysis \[[@R70]\].

The use of ctDNA in clinical practice is promising, but nowadays it cannot be routinely recommended, lacking prospective clinical trials that clearly established the prognostic and predictive value of liquid biopsy in PDAC. Furthermore standardization of sequencing techniques and further development of high-sensitive detection methods are needed \[[@R70]\].

Circulating Tumor Cells (CTCs) are released from primary tumor and/or metastatic sites into the bloodstream, are rare in the circulation and difficult to capture \[[@R71]\], furthermore, the rate of detection varies depending on the sampling site \[[@R72]\]. Studies on the prognostic role of CTCs yielded controversial results \[[@R73]\]; they have been more extensively studied for early detection of PDAC in asymptomatic subjects \[[@R74]\] or as a precocious marker of metastatic disease with different findings \[[@R75]\]. Most of the studies adopted different detection strategies, investigated small and non-homogeneous samples and used different end-points. Given the above issues, our feeling is that the future utility of CTCs is not as promising as that of ctDNA and miRNA.

CA19-9 {#s8}
======

The serum carbohydrate antigen CA19-9, a sialylated Lewis blood group antigen, is a tumor-associated antigen that has been shown to be a serum marker for pancreatic cancer \[[@R76]\]. It is the only FDA approved prognostic marker for PDAC \[[@R77]\].

Most of the studies investigating the prognostic role of CA19-9 are retrospective and focus on heterogeneous populations that received preeminently gemcitabine mono-chemotherapy \[[@R78]--[@R80]\]. However, up to date, the standard of care for PDAC is a combined regimen with gemcitabine and nab-paclitaxel or FOLFIRINOX. In the ANICE Pac study, the authors retrospectively investigated prognostic factors in patients treated with gemcitabine plus nab-paclitaxel in real life and found normal baseline level of CA19-9 to be an independent prognostic marker for better survival \[[@R81]\].

CA19-9 remains the only biomarker recommended for clinical use by the National Comprehensive Cancer Network (NCCN) guidelines for pancreatic cancer and it is recognized as the most clinically useful biomarker \[[@R58]\]; its sensitivity and specificity are 80% and 80-90% respectively \[[@R82]\], its level is strongly correlated with the tumor burden \[[@R83]\].

Despite its approval, it is far to be an ideal prognostic biomarker: it can yield false negative results in patients who do not express the Lewis blood antigen, accounting from 5% to 10% of general population \[[@R82]\], as it can give false positive results in case of pancreatitis, cholestasis, diabetes, cirrhosis or other cancers \[[@R82]\]. Many studies described the prognostic role of CA19-9 decline after curative surgery \[[@R84]\] and during chemotherapy \[[@R85], [@R86]\], especially an early decrease during treatment has been supposed to foresee a longer PFS \[[@R87]\] in patients receiving gemcitabine-nab-paclitaxel and FOLFIRINOX. Conversely there are also data that do not support these findings \[[@R88]\].

In patients treated in ACCORD11/PRODIGE4 trial, an early (8 weeks) CA19-9 decrease with respect to 20% was predictive of better PFS and could help to evaluate the efficacy of chemotherapy regimen such as FOLFIRINOX or gemcitabine \[[@R87]\].

Regard OS, a decrease \>20% in CA19-9 level during chemotherapy was associated with a longer survival when compared to those with a CA19-9 decrease \<20% \[[@R86]\].

It should be underlined that some authors investigated the nadir of CA19-9 response during chemotherapy as a surrogate marker for survival and not as a predictive or prognostic factor \[[@R89]\].

INFLAMMATORY MARKERS {#s9}
====================

Chronic inflammation represents both an important etiologic factor in the development of pancreatic cancer as well as a reactive process to pancreatic cancer \[[@R90]\].

The role of systemic inflammation has been studied in several cancers; the most investigated inflammation markers are: C-reactive protein (CRP) and albumin combined as the modified Glasgow Prognostic Score (mGPS), neutrophil- lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), white cell count and CRP as the prognostic index (PI) and the combination of albumin and lymphocyte count in prognostic nutritional index (PNI). Those markers have been studied in several solid tumors \[[@R91]\], such as breast cancer \[[@R92]\], hepatocellular carcinoma \[[@R93]\], and colorectal cancer, in both resected \[[@R91]\] and metastatic patients \[[@R94]\].

An increase in inflammatory markers is associated with decreased survival in metastatic pancreatic cancers patients.

The first data about inflammation markers in mPDAC have been reported by Wang *et al*. in 2012 \[[@R95]\]: in 177 patients NLR \>5 was associated with worse survival, PLR, mGPS, PI and PNI were not.

Similar results were published by Stotz *et al*. \[[@R96]\] in a cohort of 371 patients: in the unresectable group, the mGPS was associated with poor cancer specific survival only in univariate analysis.

Martin *et al*. \[[@R90]\] retrospectively analyzed the prognostic role of NLR, PLR and mGPS, in 124 PDAC patients (84 with mPDAC and 40 with locally advanced disease) showing that these markers were independent prognostic factors both on univariate as well as multivariate analysis. Liu *et al*. \[[@R97]\] prospectively studied the prognostic role of C-reactive protein (CRP)/albumin (Alb) ratio in 386 PDAC patientsCRP/Alb ratio, diameter of the primary tumor, CA19-9, and TNM stage were incorporated in the multivariate analysis, showing that CRP/Alb ratio, diameter and TNM stage were independent factors for prognosis. When stratified by TNM stage, patients in stages III and IV whose CRP/Alb ratio \>0.180 had remarkably poorer OS compared with patients with CRP/Alb ratio \<0.180.

Considering patients that received modified FOLFIRINOX, Yamada *et al*. \[[@R98]\], found that the development of neutropenia after chemotherapy correlates with better OS. Moreover, there was a significant correlation between OS and the grade of neutropenia. Similar results have been published for patients receiving gemcitabine monotherapy \[[@R99]\].

There are many reasons that can explain the prognostic role of neutropenia: first of all, as explained above, systemic inflammation plays a tumor promoting role. Furthermore, it has been supposed that myelosuppression occurring in severe neutropenic patients contributes to improve the prognosis of the patients by reducing the level of myeloid-derived suppressing cells, which in advanced stage of cancer, inhibit the anti-tumoral activity of CD4+ T cells.

Yu *et al*. \[[@R100]\] in a cohort of 364 patients affected by advanced or metastatic PDAC receiving gemcitabine-based chemotherapy described an association between high LDH (\>185 Iu/mL) and inflammation markers (NLR/LMR/PLR). Poor OS was predicted by tumor stage, CA19-9 levels, serum LDH levels, NLR and lymphocyte/monocyte ratio. Serum LDH levels positively correlated with NLR and PLR, but negatively correlated with LMR.

LDH is a key enzyme in glycolysis, required for the anaerobic conversion of pyruvate to lactate \[[@R101]\]; under physiological conditions, serum LDH concentrations range from 120--250 IU/mL and increase in patients with tumors, liver disease or cardiopathy. LDH levels correlate with tumor burden and may reflect tumor growth and invasive potential \[[@R102]\]. Hypoxia and systemic inflammation are associated with the advanced stages of pancreatic cancer, and serum LDH levels serve as an indirect marker of tumor hypoxia \[[@R100]\]. In a group of patients receiving gemcitabine plus nab-paclitaxel, Hwang *et al*. \[[@R103]\], reported that high mGPS was an independent prognostic factor, whereas, NLR and PLR did not predict OS.

We know that inflammation is pivotal in pancreatic cancer prognosis in many different ways. Common mediators have been shown to regulate both inflammatory and oncogenic pathways involved in the development and disease progression \[[@R104]\]. Both inflammatory and anti-inflammatory cytokines have been studied in pancreatic cancer \[[@R104]\]; cytokines expression correlates negatively with cachessia, sarcopenia and performance status (PS) \[[@R105]\]. Pro-inflammatory cytokines IL-6 and IL-8, as well as anti-inflammatory cytokines IL-10 and tumor growth factor-beta (TGF-β), have been commonly shown to be elevated in pancreatic patients \[[@R105]\]. Mitsunga *et al*. \[[@R106]\] evaluated the prognostic role of Il-6 and IL-1β in 60 patients receiving gemcitabine based chemotherapy for PDAC; they found that high IL-6 and IL1beta before the start of systemic treatment were associated with poorer OS. Similar results have been published by Farren *et al*. \[[@R107]\] on 73 patients with metastatic/inoperable PDAC: they collected serum before the start of chemotherapy and analyzed a panel of 32 cytokines/chemokines. IL-6 and IL-10, were significantly associated with OS. Of the two cytokines, the effect of IL-6 appeared to be dominant. Namely, patients with higher IL-6 levels had worse survival than those with low IL-6, regardless of their IL-10 status. The authors also evaluated the phenotype of circulating immune cells: the expression of CD45RO, a marker of not-naïve T-cells, on CD4+ T cells was significantly associated with OS, though CD45RO expression on CD8+ T cells was not. The frequency of CD8+ T cells expressing the T cell checkpoint molecule CTLA-4 was negatively associated with survival. Paradoxically, CD4+ T cell expression of TIM3, another immunosuppressive molecule, was positively associated with PDAC survival.

Furthermore, systemic inflammation causes metabolic alterations that influence body composition leading to sarcopenia and cachexia, which are recognized to be negative prognostic factors and are known to modify drugs metabolism, increasing the risk of adverse events that require chemotherapy suspension \[[@R108]\]. In clinical practice the most common index used to estimate body composition are BMI and body surface area; other index, as skeletal muscle index (SMI) and skeletal muscle area (SMA) have been demonstrated to provide a better description of body tissues, however they are not widely available, being expensive and time consuming \[[@R109]\]. Furthermore, adjusting chemotherapy dose depending on skeletal muscle did not reduce chemotherapy toxicity in patients treated with gemcitabine plus nab-paclitaxel \[[@R110]\]; nowadays, based on available data, the precise evaluation of body composition is not required to decide the treatment. The prognostic role of body composition has been largely studied in other gastro-intestinal cancers \[[@R111]\]. Some authors have investigated the role of sarcopenia in PDAC prognosis \[[@R112]\], however, due to the limited number of studies available for inclusion, the authors could only conclude that weight loss and sarcopenic obesity might be considered as poor prognostic factors in this disease. A meta-analysis of 11 studies, comprising 2297 PDAC patients in different stages demonstrated that sarcopenia was significantly associated with poorer OS. Sarcopenic obesity was reported in 0.6% to 25.0% of patients and was also significantly associated with poorer OS.

In general, PDAC is an immunologically 'cold' tumor due to its low mutational load, dense desmoplasia and rigid extracellular matrix architecture, which restricts the access of effector immune cells to tumor islands; consequently, metastatic pancreatic cancer has shown poor response to immune checkpoint inhibitors \[[@R113]\], since the immune-modulating effect of immune checkpoint inhibitors does not reverse the immune-quiescent environment of pancreatic cancer. Combinations strategies with immune checkpoint inhibitors and other drugs that could alter the immunosuppressive feature of PDAC, like cancer specific vaccines are currently under investigation, but they are far to be available in clinical practice \[[@R114]\].

NOMOGRAMS AND PROGNOSTIC SCORES {#s10}
===============================

Many nomograms have been validated to predict prognosis in PDAC. One of the strengths of a nomogram is the ability to integrate multiple prognostic factors into a single numerical estimate of survival in an individual patient and thus provides an individualized prediction of survival \[[@R115]\].

Up to date several prognostic models have been proposed in pancreatic cancer, even if in different stages \[[@R116]--[@R118]\]. The most widely used prognostic factors included age, sex, tumor size, PS, regional lymph node and distant metastasis, CA19-9 and back pain.

The first nomograms were validated for resected PDAC patients \[[@R117]\] in 2014. Authors prospectively considered a cohort of 531 patients with stage III-IV pancreatic cancer treated with gemcitabine based chemotherapy including six variables: age; sex; PS; tumor size; distant metastasis and regional lymph node.

The nomogram was validated to predict survival probability at 6 - 12- and 18 months, they demonstrated its superiority compared to AJCC TNM staging system in predicting survival.

On the basis of nomogram-predicted survival probabilities, the patients were categorized into the following quartiles of risk: very low ('Total Points': 954); low (55--81); high (82--105); and very high (:106). The survival times were significantly differentiated between the groups and the median survival time in the very low-, low-, high-, and very high-risk groups were 17.5 (95% CI: 15.4--22.9), 13.7 (95% CI: 11.6--16.0), 8.9 (95% CI: 7.9--10.4), and 5.5 (95% CI: 4.7--7.5) months, respectively.

In 2016, Vernerey *et al*. \[[@R118]\] proposed a prognostic nomogram for locally PDAC patients, including as parameters: age, pain, tumor size, albumin and CA19-9, which were all independent prognostic factors. Kou *et al*. \[[@R119]\] validated a prognostic model on 306 patients receiving gemcitabine chemotherapy, based on the regression coefficients of the six significant independent negative prognostic factors (PS, distant metastatic disease, the status of recurrent or initially unresectable disease, CEA (≥5.0 ng/ml) and CA19-9 level (≥1,000 U/ml), and neutrophil/lymphocyte ratio (NLR) (≥5).

Recently Hang *et al*. \[[@R120]\] developed and validated a prognostic nomogram considering data from the comparative arm of three trials where metastatic pancreatic patients received gemcitabine monotherapy. They inserted five independent prognostic elements: CA19-9; albumin; absolute neutrophil count (ANC), PS and liver metastasis. Nomogram was validated on an extern cohort to predict survival at 3, 6, 9 and 12 months and patients were divided into 2 groups on the basis of an optimal cut-off value of NTP (nomogram total point) identified by ROC curve: a low risk group (NTP \< 109, *N* = 100) and a high risk group (NTP ≥ 109, *N* = 306). The median OS of the low risk group and high risk group was 11.7 (95% CI: 9.7--13.8) and 5.6 months (95% CI: 5.0-6.1), respectively. To give a more specific stratification for patients with high risk, the patients were further categorized into the following tertiles of risk: low risk group (NTP \< 111, *N* = 110), intermediate risk group (111 ≤ NTP \< 144, *N* = 186) and high risk group (NTP ≥ 144, *N* = 110). The OS was significantly different among the 3 subgroups (P \< .001). The median OS was 3.7 months (95% CI: 3.2--4.3) in high risk group, 7.0 (95% CI: 6.4--7.6) months in intermediate risk group and 11.7 (95% CI: 10.1--13.3) months in low risk group, respectively.

In conclusion, nomograms have more accuracy than single factors in predicting prognosis. However, considering the heterogeneity of the samples and the different setting investigated, up to day, there are not sufficient data to recommend a nomogram over another. Furthermore, in clinical practice they are not widely used and international guidelines do not recommend the use of nomograms as predictive tools to guide treatment decisions.

MECHANISMS OF DRUG RESISTANCE {#s11}
=============================

Molecular pathway involved in drugs pharmacokinetic seems to correlate with OS and PFS. Resistant tumors often have an altered metabolism of gemcitabine. Ohmine *et al*. demonstrated that deoxycytidine kinase (DKC) protein level correlates with PFS in patients treated with gemcitabine. DKC is an enzyme, which converts dFdC (molecular name of gemcitabine) to dFdC monophosphate, contributing to the intracellular activation of the drug. It has demonstrated to be determinant for gemcitabine sensitivity both *in vitro* and *in vivo* \[[@R121]\].

In pancreatic cancer, MUC4 is involved in the acquisition of an aggressive phenotype in the early steps of carcinogenesis \[[@R122]\].

In the study of Shrypek *et al*., the expression of MUC4 in pancreatic cancer cells led to a marked decrease in hCNT1 and hCNT3 transporters which lead gemcitabine inside the tumoral cells, so the expression of this protein could be investigated as potential predictive marker of resistance to chemotherapy regimen containing gemcitabine \[[@R123]\].

The loss of MUC4 was also demonstrated to increase sensibility of cell cultures (CAPAN-2 cells) to 5-fluorouracil. This protein is implicated in the expression level of MRP3 and MRP4, drug-detoxifying channels. While decreased expression of MRP3 did not modify cytotoxicity of gemcitabine, MRP4 repression demonstrated to be linked to a statistically significant increase in survival in pancreatic cancer cell exposed to gemcitabine \[[@R122]\]. Furthermore, MRP expression confers resistance to campotectin, such as irinotecan \[[@R124]\] which is used in the treatment of pancreatic cancer. In PDAC, tumor environment is characterized by hypoxia that contributes to cancer progression and resistance to chemotherapy. Gemcitabine sensitivity in CAPAN-2 (Human Pancreatic Cancer Cell Line) cells was significantly decreased under hypoxia. Overexpression of HIF -1a, a transcription factor expressed to compensate for the hypoxic microenvironment and overexpressed in many tumors, resulted in decreased gemcitabine sensitivity. Chemo-resistance induced by hypoxia is due to the regulation of ABCG2 (ATP-binding cassette subfamily G member 2) which is one of the major multidrug-resistance pumps through the activation of ERK1/2/HIF-1a. ABCG2 could serve as a predictor of gemcitabine response and potentially as a target for chemotherapy of pancreatic cancer.

In patients treated with irinotecan, an association between high expression of CES2, an enzyme that produces irinotecan active metabolite SN-38, and longer survival, was described \[[@R125]\]. ERCC1 overexpression showed to be significantly linked to shorter survival and worse disease control rate, even if in a retrospective study with small sample size \[[@R126]\]. A negative predictive role for ERCC1 was suggested by Mancuso *et al*., who reported that high ERCC1 expression was associated with shorter survival in patients with advanced pancreatic cancer treated with platinum therapy \[[@R127]\].

Data are however not concordant. Tezuka *et al*., even if in small number of patients (34), did not find statistical association between ERCC1, ERCC2, ERCC4, GSTPi and response to FOLFIRINOX \[[@R128]\]. Otherwise, the proteins KRT81 and HNF1A expression showed to be linked to FOLFIRINOX or gemcitabine sensitivity.

The study of Muckenhuber *et al*. \[[@R129]\] suggests that KRT81-positive patients might not derive a relevant advantage from both an intensive chemotherapy regimen as FOLFIRINOX and gemcitabine, while HNF1A-positive patients might benefit from FOLFIRINOX based therapy with a better response compared to gemcitabine treated patients.

hENT1 (Human Equilibrative Nucleoside Trasporter 1) is one of the major gemcitabine transporters and was studied as a predictive factor of response to this drug. Its overexpression is associated with a longer OS and PFS in PDAC \[[@R130]\].

Most of the above reported predictive factors are to be searched on histological samples, whereas novel circulating predictive biomarkers are emerging. Among these, circulating miRNAs are gaining relevance. In particular, focusing on gemcitabine resistance, it was showed, that higher serum mi-RNA 21 and mi-RNA 155 levels were observed in patients that did not obtain response to gemcitabine \[[@R131], [@R48]\]. However, those data require to be confirmed by broader and adequately powered studies to distinguish better between the prognostic and the predictive role of those markers. In patients receiving FOLFIRINOX for locally advanced or mPDAC, plasma miR-181a-5p was significantly downregulated in non-progressive patients after FOLFIRINOX; this aspect did not correlate with survival in patients treated with gemcitabine plus nab-paclitaxel, confirming the predictive significance of this marker \[[@R63]\].

Given the crescent use of NGS in clinical practice, many previously unknown gene mutations are emerging as predictive markers, potentially targetable by specific innovative therapies. These alterations include recurrent NRG1 rearrangements that drives PDAC development through aberrant ERBB receptor-mediated signaling \[[@R132]\]; the oncogenic DCTN1-ALK fusion and the RRAS mutation that are associated with the development of PDAC in the absence of the KRAS mutation. Constitutional activation of DCTN1-ALK fusion protein was suppressed by the anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitors crizotinib and alectinib. Thus, a small subset of PDAC patients might benefit from therapy using these inhibitors \[[@R133]\]. NTRK fusion is described to be present in \<1% of PDAC; this genetic alteration has been specifically targeted by new drugs like entrectinb and larotrectinib that have been tested in basket trials, that select patients independently from the histology, but on the basis of specific molecular alterations. In patients that have received multiple treatments and are fit to be enrolled in clinical trials, it seems reasonable to look for specific, even rare, molecular alterations that make patients eligible to receive targeted therapy. It is worth highlighting, however, that precision medicine is far to be the standard of care for PDAC and nowadays, it is confined to the clinical trial setting.

In [Table 3](#T3){ref-type="table"} the main studies which evaluated the molecular pathways involved in drugs resistance or sensibility are summarized.

###### Mechanisms of drug resistance

  Authors                            Study design                                                                                                                                                                                            Molecules involved                                                                                                                Results
  ---------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Meijer *et al*. \[[@R63]\]         Microarray-based profiling to discover deregulated miRNAs in pre- and post-chemotherapy plasma according to progression-free survival (PFS) after FOLFIRINOX                                                                                                                                                                              Plasma miR-181a-5p was significantly downregulated in non-progressive patients after FOLFIRINOX
  Ohmine *et al*. \[[@R121]\]        Analysis of Deoxycytidine kinase (DKC) expression on surgical samples of patients treated with gemcitabine                                                                                              DKC activates Gemcitabine in PDAC                                                                                                 DKC expression is associated with increased OS in patients receiving Gemcitabine
  Shrypek *et al*. \[[@R123]\]       Study of the expression of MUC 4 on PDAC cells                                                                                                                                                          MUC4 downregulates expression of hCNT1 and hCNT3 transporters leading gemcitabine inside tumoral cells                            MUC 4 expression in PDAC is associated with gemcitabine resistance
  Capello *et al*. \[[@R125]\]       Retrospective analysis of Carboxylesterase 2 (CES2) expression on surgical samples of patients with PDAC that did and did not receive pre-operative chemotherapy                                        CES2, by mediating the intratumoral activation of irinotecan, is a contributor to FOLFIRINOX sensitivity in pancreatic cancer     Patients treated with FOLFIRINOX with higher expression of CES2 on PDAC samples had better prognosis
  Mancuso *et al*. \[[@R127]\]       Retrospective analysis of ERCC1 expression on tissue from patients treated with platinum or fluoropyrimidine based therapy                                                                              Excision repair cross complementing 1 (ERCC1) participates to repair mechanism of cisplatin-induced DNA adducts in cancer cells   ERCC1 expression was related to shorter OS in patients receiving platinum-based therapy
  Muckenhuber *et al*. \[[@R129]\]   Prospective comparative analysis of Hepatocyte Nuclear Factor-1A and Cytokeratin-81 (HNF1A/KRT81) expression on samples from patients not receiving chemotherapy, receiving FOLFIRINOX or Gemcitabine                                                                                                                                     Patients with a KRT81-positive subtype did not benefit from FOLFIRINOX therapy, whereas those with HNF1A-positive tumors responded better compared with gemcitabine-based treatment
  Song *et al*. \[[@R131]\]          Retrospective analysis of serum expression of mi-RNA 21 in patients affected by PDAC                                                                                                                    Histone acetylation levels at miR-21 promoter were increased in PDAC cells after treatment with gemcitabine                       Serum miR-21 levels were increased in gemcitabine- resistant PDAC patients compared with gemcitabine-sensitive subjects

The table summarizes the most relevant studies that investigated the mechanisms of drug resistance or sensitivity.

BRCA 1 AND 2 {#s12}
============

Pancreatic cancer is the third most common cancer associated with mutations in BRCA genes. BRCA2 and BRCA1 mutations cause respectively a 3.5-10 fold and 2.5 fold higher risk of PDAC. Not by chance, BRCA 2 mutations are described to occur frequently in Familiar Pancreatic Cancer (FPC) \[[@R134]\] and are described in almost 4--7% of patients with PDAC \[[@R135]\].

BRCA genes mutations are associated with defect in homologous recombination repair of DNA double-strand breaks and confer sensibility to poly (adenosine diphosphate-ribose) polymerase (PARP) inhibition \[[@R136]\]. PARP inhibition leads to accumulation of DNA damage and tumor cell death \[[@R137]\].

There are just few data on the use of PARP inhibitors in this disease and they refer to mixed cohorts in early phase trials which showed prolonged partial response for 1-2 years \[[@R138], [@R139]\]. BRCA mutation is responsible of higher sensitivity to platinum-based therapy. In a retrospective evaluation of 43 patients diagnosed with stage III or IV of BRCA mPDAC, patients treated with platinum-based regimens had median OS that was 13 months longer compared with patients not treated with platinum (median 22 vs 9 months) \[[@R140]\].

Recently Golan *et al*. demonstrated that olaparib maintenance achieved a longer PFS compared to placebo in metastatic pancreatic cancer patients who had a germline BRCA 1 or 2 mutation. Patients eligible for olaparib had received at least 16 weeks of first line platinum-based chemotherapy. mPFS was almost doubled in the experimental group in comparison with placebo group (7.4 months vs 3.8 months) and also difference in median duration of response was significant (24.9 months vs 3.7 months). Even though no benefit in OS was found and the experimental treatment was tested only as maintenance in patients carrying BRCA mutations who had not progressed during first line platinum-based chemotherapy \[[@R141]\]. BRCA germline mutations result a predictive factor of response to PARP inhibitors. Consequently, BRCA testing is likely to spread in everyday clinical practice and represents a potential answer to an unmet clinical need in the field of mPDAC treatment.

CONCLUSIONS {#s13}
===========

In a changing landscape consisting in new chemotherapy regimens, immunotherapy and target therapies, the identification of prognostic and predictive factors is needed in view of a personalized medicine which aim to choose the best therapy for the right patient. Further studies are needed to better understand pancreatic cancer biology and to identify prognostic and predictive factors, which could help clinicians to stratify pancreatic cancer patients and improve their prognosis.
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